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T HE study of the transition of the cord to the brain 
is perhaps the most difficult task in the anatomy 
and histology of the nervous system. To trace the 
origin and direction of nerve bundles, the appearance of 
new masses of gray matter, and the coalition of differ¬ 
ent tracts requires much time, excellent specimens, cor¬ 
rect drawings, and careful explanations. The discovery 
of the Weigert method of staining and the Pal modifica¬ 
tion has proved of great benefit in following these com¬ 
plicated changes, and has permitted the investigator to 
trace the course of the different tracts with much satis¬ 
faction and success. 

The internal configuration of the spinal cord from 
the third or fourth lumbar segment to the second or 
third cervical is practically the same. Slight changes 
occur characteristic of the lumbar, thoracic, and cervical 
regions, such as the development of the dorsal cornua or 
lateral cornua or of the ventral cornua; but these are of 
minor importance when compared to the changes occur¬ 
ring between the first and second cervical segment to the 
beginning of the pons. 

The spinal cord within the limits referred to consists 
of a cylindrical mass of nerve elements held together by 
neuroglia cells and encased in appropriate membranes, 
lending support, protection, and nutrition. The white 
matter, composed of medullated nerve fibres, is arranged 
peripherally, while the gray matter containing the gan¬ 
glion cells is situated in the interior. The gray matter 
consists of two crescentic masses, their convex surfaces 
facing and connected together by a bridge of gray mat¬ 
ter, the commissure ; the whole resembling very much 

1 Illustrated by a series of six slides, to which was awarded the cash 
prize of the American Microscopical Society, held at Madison, Wis¬ 
consin, August 19-21. 1893. Mounted and photomicrographed by the 
author. See frontispiece. 
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the letter H. The gray matter is divided arbitrarily into 
dorsal, lateral, and ventral cornua, and the gray 
commissure inclosing the spinal canal. From the dorsal 
and ventral cornua bundles of nerve fibres pass through 
the white matter to the periphery of the cord, forming 
the dorsal and ventral spinal roots. 

The white matter is divided into two hemispheres 
by the dorsal and ventral fissures, and each hemisphere 
is separated into dorsal, lateral, and ventral columns. 
These columns are further subdivided as follows: The 
ventral, into the columns of Turck, and ventral.columns 
proper; the lateral, into the pyramidal tracts, cerebellar 
tracts (Flechsig), and tracts of Gowers ; the dorsal, into 
the columns of Goll, columns of Burdach, and Spitzka- 
Lissauer tracts. These subdivisions are mapped out ac¬ 
cording to the part they play in conducting nerve im¬ 
pulses to or from the brain centres. The continuation 
of the cord caudad is the cauda equina, cephalad, the 
medulla. 

From about the middle of the thoracic region fibres 
pass from the pyramidal tracts in the lateral columns 
through the base of the ventral cornua to the ventral 
columns of the opposite side. This decussation is 
scarcely recognizable at first, but gradually increases 
cephalad until the first cervical segment, when the re¬ 
maining fibres not yet decussated pass to the opposite 
side in bundles, severing the ventral cornua from the 
central gray matter and pushing them laterad. The lat¬ 
eral cornua become prominent, and from their cells 
originate the XI. pair of nerves (spinal accessory), pass¬ 
ing through the white matter and emerging at the side 
of the medulla between the dorsal and ventral roots. 

While these changes are going on in the ventral and 
lateral columns the dorsal columns increase in size, the 
funiculi graciles (tracts of Goll) and funiculi cuneati 
(tracts of Burdach) develop, pushing the dorsal cornua 
before them. The long, slender bodies of the dorsal cor¬ 
nua swell, enlarge, become rounded, and are connected 
to the central gray matter by thin pedicles. The sub¬ 
stantia gelatinosa Rolandi becomes prominent, and 
medullated nerve fibres arise adjacent and ectad passing 
cephalad as the ascending branch of the Trigeminus. 
The formatio reticularis develops in the lateral columns, 
appropriating to itself the severed portions of the ven¬ 
tral cornua, except some small aggregations of nerve cells 
surrounded by patches of gray matter, the most import- 



WILLIAM C. KRAUSS. 


14 

ant of which is called nucleus lateralis medius, or nucleus 
ambiguus. 

Further cephalad there arise in the funiculi graciles 
and cuneati small masses of gray matter containing iso¬ 
lated groups of ganglion cells, designated nuclei funiculi 
graciles and nuclei funiculi cuneati. The decussation of 
the pyramidal fibres being completed and the pyramids 
fully developed, other fibres may be observed coming 
from the former dorsal columns, passing concentrically 
about the central canal and decussating ventrad of it, 
then arranging themselves on both sides of the ventral 
fissure dorsad of the pyramids forming the lemniscus. 

The continuance of these fibres, now designated 
fibrae arcuatas internae, decussate in the median line from 
the central canal to the ventral fissure forming the 
raphe. 

In the lateral regions immediately dorsad of the pyra¬ 
mids small masses of ganglion cells, symmetrically ar¬ 
ranged, begin to appear as intestinal-like masses, called 
the olivary bodies. Generally there are two or three of 
these bodies present besides the principal ones, and to 
these have been given the names internal and external 
accessory olivary processes. 

The central canal, at first circular, becomes elliptical, 
and traced cephalad it widens out, rises to the dorsal sur¬ 
face, and terminates in the calamus scriptorius, then 
into the fourth ventricle. In the base of the ventral 
cornua, a group of multipolar ganglion cells, appear the 
nucleus of the XII. pair or hypoglossal nerves. The 
nerve fibres coming from these cells pass ventrad 
through the formatio reticularis, between the olivary 
bodies and the pyramids, and emerge exteriorly laterad 
of the pyramids. In the base of the dorsal cornua, now 
pushed latero-dorsad, and appearing as the gray matter 
in the floor of the fourth ventricle, appear masses of 
small ganglionic cells, the nuclei of the X., IX. and VIII. 
pairs of nerves. 

The cerebellar tracts, or tracts of Flechsig, have 
joined with other fibres coming from the dorsal and lat¬ 
eral columns, and pass cephalad into the cerebellum as 
the corpora restiforme. 

In the floor of the fourth ventricle, close beside the 
median raphe, a small group of ganglion cells may be ob¬ 
served, the nucleus funiculi teretis. Ventrad of these 
cells an oval bundle of nerve fibres passing cephalad 
may be seen, called the fasiculus longitudinal posterior. 




SEE PAGES 16 AND 17. 
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The next important change is the appearance of the 
transverse bundles of fibres forming the pons, and with 
the appearance of these fibres the medulla ceases its 
existence. 

METHODS EMPLOYED IN HARDENING, STAINING, MOUNT¬ 
ING AND PHOTOGRAPHING THE SECTIONS. 

The medulla was hardened in a five percent, solution 
of potassium bichromate for six weeks, the fluid having 
been frequently renewed, then dehydrated and decolor¬ 
ized in alcohol, repeatedly changing the alcohol, until it 
became slightly tinged. The medulla was then tran¬ 
sected into six pieces, imbedded in Schiefferdecker’s 
celloidin solution, then fastened upon corks, preparatory 
for section-cutting. 

The staining method used was the Pal modification 
of Weigert’s method. 2 The sections were placed in 
Weigert’s staining fluid, to which had been previously 
added three to five drops of a saturated solution of lith¬ 
ium carbonate for every ten cubic centimetres of the 
stain used. 


0.75-I.O. part hsematoxylon. 

90 “ water. 

10 “ alcohol. 

1 “ lithium carbonate. 

After five or six hours they were removed and care¬ 
fully washed in water to which some of the carbonate of 
lithium solution had been added. They were then placed 
for ten or fifteen seconds in a one-fourth per cent, solu¬ 
tion of the permanganate of potash, rinsed in thirty per 
cent, alcohol, and placed in the differentiating bath. 

Oxalic acid, 1 part. 

Sulphite of soda, 1 “ 

Distilled water, 200 “ 

• 

The sections were placed in the bath singly, and re¬ 
moved as soon as the differentiation between the white 
and gray matter was very patent. They were then 
washed repeatedly in water, and allowed to stand in 
water for twenty-four hours. After dehydrating in 

s Wiener Medizinische Jahrbiicher, 1887, p. 589. Author’s paper on 
“ Some Methods of Treating Nerve Tissues.” Proceedings of the Ameri¬ 
can Society of Microscopists, 1890, pp. 116-120. 
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strong alcohol they were cleared in Weigert’s clearing 
mixture. 

Xylol, 3 parts. 

Carbolic acid, i “ 

Sulphate of copper, enough to cover the bottom of 
the vessel—then mounted in balsam. 

By this method the medullary nerve fibres were 
stained light blue, the neuroglia, connective tissue and 
vessel walls were rendered white or yellowish white, 
while the ganglion cellsbecame trarfsparent. 

No. 5 was double stained in picro-carmine in order to 
bring the nuclei of the X. and XII. pairs of nerves into 
prominence. The method employed was to place the 
sections in picro-carmine after their development had 
been arrested by the water bath, then washed, dehy¬ 
drated and mounted in the ordinary way. 

The sections were photographed by means of an or¬ 
dinary camera, the lens having been removed and the 
tube of the microscope fitted with a movable diaphragm 
inserted into this opening. A Spencer and Smith one- 
inch aplanatic ocular and a Swift three-inch objective 
were employed for all the sections except the fifth, 
where a Spencer four-inch objective was used. 

Direct sunlight furnished the illumination, and ex¬ 
posures of three to five seconds were allowed on Car- 
butt’s orthochromatie plates, sensitometer No. 27. The 
negatives were developed with eikonogen fixed in the 
alum and hyposulphide of soda solution, printed on al¬ 
bumen paper and toned with the chloride of gold solu¬ 
tion. 

The plate does not serve as an index for the time 
spent in trying to produce a photograph from a blue and 
white field. By careful manipulation of the mi for and 
substage, I was able after repeated failuics to g> t a suf¬ 
ficient contrast between the blue and white so 1 s to en¬ 
able the engraver to perform his work satisfactorily. 

Fig. I.—Transection of the medulla at its junction with 
the cord (first cervical segment), showing the de¬ 
cussation of the pyramidal tracts and formation 
of the pyramids. In the dorsal columns may be 
seen the newly-formed funiculi cuneati and grac- 
iles, and in the lateral columns the origin of the 
fibres of the ascending branch of the trigeminus 
nerve. Magnified 2 $ diameters. 
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Fig. II.—Transection of the medulla one-half centimetre 
cephalad of Fig. I., showing the decussation of 
fibres (sensory)-coming from the funiculi cuneati 
and graciles, forming the lemniscus. Laterad of 
the lemniscus appear the olivary bodies. Magni¬ 
fied two diameters. 

Fig. III.—Transection of the medulla one-half centi¬ 
metre cephalad of Fig. II., showing the fibra; arcu¬ 
ate internae decussating and forming the raphe. 
The olivary bodies are more developed, and the 
spinal canal may be seen to gradually ascend to 
the dorsal surface, where, further cephalad, it ter¬ 
minates in the. calamus scriptorius, then into the 
fourth ventricle. Magnified 2f diameters. 

Fig. IV.—Transection of the medulla one-half centimetre 
cephalad of Fig. III., showing the calamus scrip- 
torious. The olivary bodies and the accessory 
olivary bodies are now plainly visible. Magnified 
two diameters. 

Fig. V.—Transection of the medulla one centimetre 
caudad of the pons, showing the floor of the fourth 
ventricle, the development of the restiform bodies, 
the fibres of the hypoglossal nerves separating the 
substantia reticularis alba from the substantia re¬ 
ticularis grisea, and the ascending branches of the 
glosso-pharyngeal nerves. Magnified if diam¬ 
eters. 

Fig. VI.—Transection of the medulla one-half centi¬ 
metre caudad of the pons, showing the fasiculus 
longitudinalis posterior in the floor of the fourth 
ventricle and indistinctly the emergence of the 
fibres of the vagus nerves. Magnified if diam¬ 
eters. 

The nuclei of the XII, XI, X, IX and VIII pairs oi 

cranial nerves are situated in the medulla embraced by 

these sections, but on account of their being rendered 

transnarpnl- bv tbp Pal mptbnrl rarmnt bp fb'ctino-iiicbpfl 



